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NESTED ICOSAHEDRAL GRID

TECHNICAL FIELD

The present disclosure relates to systems and methods for
generating a nested i1cosahedral grid.

BACKGROUND

“Big data” 1s a term for data sets that are so large or
complex that traditional data processing applications are
inadequate. Challenges include analysis, capture, data cura-
tion, search, sharing, storage, transfer, visualization, query-
ing and information privacy. The term “big data” often refers
simply to the use of predictive analytics or certain other
advanced methods to extract value from data, and seldom to
a particular size of a data set. Accuracy 1n big data may lead
to more confident decision making and better decisions can
result in greater operational efliciency, cost reduction and
reduced risk.

A geodesic grid 1s a global Earth reference that uses
triangular tiles based on the subdivision of a polyhedron
(usually an 1cosahedron, a twenty-sided polyhedron) to
subdivide the surface of the Earth. Such a grid does not have
a straightforward relationship to latitude and longitude, but
may conform to criteria for a statistically valid discrete
global grid. Primarily, the areca and shape of the cells/
partitions are generally similar, especially near the poles
where many other spatial grids have singularities or heavy
distortion.

SUMMARY

One example relates to a non-transitory machine readable
medium having machine executable instructions. The
machine executable instructions can include a mesh engine
that generates a nested 1cosahedral grid that maps data points
of a plurality of data sets onto partitions on the nested
icosahedral grid. The nested icosahedral grid can include an
outer 1cosahedral grid with a first set of partitions and an
inner 1cosahedral grid with a second set of partitions A {first
partition of the first set of partitions can be linked to the inner
icosahedral grid.

Another example relates to a computing device that can
include a non-transitory machine readable memory for stor-
ing machine readable instructions. The computing device
can also 1nclude a processing unit to access the memory and
execute the machine readable instructions. The machine
readable instructions can include a mesh data viewer that
communicates with a mesh data server to access a mesh data
structure that links a nested 1cosahedral grid to data points
and provides a graphical user interface (GUI) for changing
views of the nested icosahedral grid. The i1cosahedral grid
can include an outer icosahedral grid with a first set of
partitions and an inner icosahedral grid with a second set of
partitions. A first partition of the first set of partitions can be
linked to the inner 1cosahedral grid.

Yet another example relates to a non-transitory machine
readable memory for storing machine readable 1nstructions,
the machine readable instructions including a mesh data
viewer that communicates with a mesh data server to access
a mesh data structure that links a nested 1cosahedral grid to
data points and provides a GUI for changing views of the
nested 1cosahedral grid. The icosahedral grid includes an
outer 1cosahedral grid with a first set of partitions and an
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2

inner icosahedral grid with a second set of partitions. A first
partition of the first set of partitions can be linked to the inner

icosahedral gnid.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of a system for generating
and viewing a nested icosahedral grid.

FIG. 2 illustrates an example of a computing device for
generating a nested 1cosahedral gnid.

FIG. 3 illustrates an example of an 1cosahedral gnid.

FIG. 4 1llustrates an example of an 1cosahedral grid 1n a
two-dimensional plane.

FIG. 5 illustrates another example of an 1cosahedral grid.

FIG. 6 illustrates yet another example of an 1cosahedral
or1d.

FIG. 7 1llustrates a conceptual diagram of an example
nested 1cosahedral grid.

FIG. 8 illustrates an output of a graphical user interface
(GUI) that includes a nested 1cosahedral grid.

FIG. 9 illustrates an output of a GUI that includes a nested
icosahedral grid.

FIG. 10 1llustrates a flowchart of an example method for
generating a nested 1cosahedral gnid.

DETAILED DESCRIPTION

This disclosure relates to a system and method for gen-
erating and viewing a nested 1cosahedral grid. The system
can include a mesh engine that generates the nested 1cosa-
hedral grid with a particular scale and an interface that
provides user controls for mapping data items of a data set
to partitions 1n the nested 1cosahedral grid. The system can
also 1nclude a model generator that links data i1tems to the
partitions ol the nested icosahedral grid and generates a
mesh data structure.

The nested icosahedral grid includes an outer 1cosahedral
orid with a set of outer partitions and an 1nner 1cosahedral
orid with a set of mner partitions. Additionally, 1n some
examples, multiple inner icosahedral grids can be included.
A partition (or multiple partitions) of the outer partitions 1s
linked to the inner icosahedral grid.

The system can also include a mesh data viewer that
communicates with a mesh data server to access a mesh data
structure that links a nested 1cosahedral grid to data points
and provides a graphical user interface (GUI) for changing
views of the nested icosahedral grid. The GUI also includes
a data panel for outputting data mapped to selected partitions
in the nested 1cosahedral grid.

FIG. 1 1llustrates a system 2 for generating and viewing,
a nested 1cosahedral grid. The system 2 can include com-
puting devices 4, 6 and 8 that communicate via a network
10. The network 10 may be a public network (e.g., the
Internet), a private network (e.g., a local area network) or a
combination thereof (e.g., a virtual private network).

Each computing device 4, 6 and 8 can be implemented as
a general purpose computer having a non-transitory machine
readable memory. The machine readable memory can be
implemented as volatile memory (e.g., random access
memory (RAM)), non-volatile memory (e.g., flash memory,
a hard disk drive, a solid state drive, etc.) or a combination
thereof. Additionally, each computing device 4, 6 and 8 can
be implemented as a mobile computing device (e.g., a
smartphone or tablet computer), a desktop computer, a
laptop computer, a server blade, etc. Moreover, although the
system 2 1illustrates and describes the computing devices 4,
6 and 8 as performing different functions, 1n some examples,
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the functions can be integrated onto one computing device
and/or distributed across multiple computing devices (e.g.,
in a computing cloud).

The computing device 4 can execute a mesh engine 12.
The mesh engine 12 can be a computer application that
provides a GUI for generating and editing a nested icosa-
hedral grid. In particular, the GUI can provide an interface
for mapping data parameters (e.g., data fields/variables) of a
data set (or multiple data sets) onto partitions (cells) of the
nested 1cosahedral grid. As used herein, the term “nested
icosahedral grid” refers to a mesh grid data structure formed
ol at least two 1nterconnected (linked) 1cosahedral grids. As
one example, the nested icosahedral grid can include an
outer icosahedral grid with a first set of partitions and an
inner icosahedron grid with a second set of partitions. One
(or more) of the partitions of the first set of partitions (on the
outer icosahedral grid) 1s linked to the inner icosahedron
or1d.

The mesh engine 12 can retrieve the data from the data set
based on the mapped data parameters and generate a mesh
data structure (e.g., a computer file). The mesh data structure
can be provided to a mesh data server 14 executing on the
computing device 6 via the network 10.

The computing device 8 can include a mesh data viewer
16 that can communicate with the mesh data server 14 via
the network 10. Alternatively, 1n some examples, the mesh
data viewer 16 can be a front end (user interface) and the
mesh data server 14 can be a back end (e.g., an engine) of
an integrated computer application. The mesh data viewer
16 can communicate with the mesh data server 14 to allow
a user to view and “tly through™ a representation of the mesh
data structure. The mesh data viewer 16 can include user
controls for changing a translucency of one or more layers
of the nested icosahedral grid and/or changing the view of
the nested icosahedral grid from a three-dimensional view to
two-dimensional, a cross-sectional view that allows concur-
rent viewing of multiple layers.

Additionally, the mesh data viewer 16 can allow the user
to select (1n response to user input) a partition of the
icosahedral grid and output a data panel that outputs data
values 1n data points corresponding to the selected partition.
Moreover, the mesh data viewer 16 can allow selection of
multiple partitions on different layers of the nested 1cosa-
hedral grid. In this situation, the data panel can output data
values for each selected partition concurrently, thereby
allowing the user to compare and contrast the interrelation-
ship of the data.

By employing the system 2, complex data sets (e.g., big
data) can be efliciently organized and mapped onto the
nested 1icosahedral grid. In this manner, the viewer (a user)
can visualize and correlate data 1n ways that are not apparent
using a conventional matrix and/or spreadsheet.

FIG. 2 illustrates an example of a computing device 50
that can generate a mesh data structure. The mesh data
structure can include, for example, a nested icosahedral
mesh structure linked to data points. The computing device
50 can include a memory 52 that can store machine readable
instructions. The memory 52 could be implemented, for
example, as non-transitory computer readable media, such
as volatile memory (e.g., random access memory), nonvola-
tile memory (e.g., a hard disk drive, a solid state drive, flash
memory, etc.) or a combination thereof. The computing
device 50 can also include a processing unit 34 to access the
memory 52 and execute the machine-readable instructions.
The processing unit 54 can include, for example, one or
more processor cores. The computing device 50 can include
a network imterface 56 configured to communicate with a
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network 358. The network interface 56 could be imple-
mented, for example, as a network interface card. The
network 58 could be implemented for example, as a public
network (e.g., the Internet), a private network (e.g., a carrier
network) or a combination thereof.

The computing device 50 could be implemented, for
example 1 a computing cloud. In such a situation, features
of the computing device 50, such as the processing unit 54,
the network interface 56, and the memory 52 could be
representative of a single instance of hardware or multiple
instances ol hardware with applications executing across the
multiple of instances (i.e., distributed) of hardware (e.g.,
computers, routers, memory, processors, or a combination
thereol). Alternatively, the computing device 50 could be
implemented on a single dedicated computing device.

The memory 52 can include a mesh engine 60. The mesh
engine 60 can receive K number of data sets 62, where K 1s
an integer greater than or equal to one. In some examples,
cach of the K number of data sets 62 (or some subset thereot)
can be provided from an external device (e.g., a database or
another computing device) via the network 58. In other
examples, the K number of data sets 62 (or some subset
thereol) can be generated locally (e.g., by a local database
engine).

Each data set 62 can be implemented as a data structure
(c.g., an array, a matrix, a linked list, a record, a graph, etc.)
that represents an abstract data type (ADT). Each data set 62
set can represent, for example, data describing the physical
or virtual world. In some examples, each of the K number of
data sets 62 can represent a “big data” set. For instance, 1n
the first example explained with respect to FIG. 2, a given
data set 62 can represent temperature as a function of time
measured at a specific region of the earth (or the entire
carth). Additionally, another data set 62 can represent human
population as a function of location. Still another data set 62
may represent measured Internet traflic as a function of time
and location. In this manner, each data set 62 could be
disparate from every other data set 62 1n the K number of
data sets 62. In other examples, two or more of the K number
of data sets 62 may be related.

The mesh engine 60 can include a grid generator 64 that
can generate a nested 1cosahedral grid that maps data from
cach of the K number of data sets 62 (or some subset
thereol). To generate the nested icosahedral grid, an nitial
icosahedron (a twenty-sided polyhedron) can be generated
inside a sphere such that two (2) opposing vertices (out of
twelve (12) total vertices) of the icosahedron are aligned
with specific opposing points on the sphere, namely, a given
point and another point. In examples where the sphere
represents the earth, the opposing points on the sphere could
be the north and south poles of the earth.

Moreover, the grid generator 64 can connect five (5) of the
remaining vertices of the icosahedron spaced at equal inter-
vals of 72 degrees (corresponding to 360/5 degrees) at a
circle (e.g., a latitude circle) that 1s located on the sphere
about 26.656 degrees away (1n a first tangential direction)
from a circle halfway from the given point and the other
point on the sphere. In examples where the sphere represents
the earth, the circle can represent a latitude circle at 26.565
degrees North (° N). Additionally, the grid generator 64 can
connect the five (3) remaining vertices of the icosahedron
spaced at equal intervals of 72 degrees (corresponding to
360/5 degrees) at a circle on the sphere (e.g., a latitude
circle) that 1s located about 26.656 degrees away (in a
second tangential direction) from a circle halfway from the
given point and the other point on the sphere. In examples
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where the sphere represents the earth, the circle can repre-
sent a latitude circle at 26.565 degrees South (° S).

The grid generator 64 can connect nearest neighbors of
the twelve (12) points on the sphere with circle arcs that
divide the spherical surface into twenty (20) equal spherical
triangles. FIG. 3 illustrates an example of an icosahedral
orid 100 with twenty (20) equal spherical triangles 104.
Additionally, the 1cosahedral grid 100 includes 12 nodes 106
(grid points) that correspond to vertices on the spherical
triangles 104. For purposes of simplification of explanation,
not all of the spherical triangles 104 or the nodes 106 are
labeled 1n FIG. 3. The grid generator 64 can scale the
icosahedral grid by iteratively connecting the midpoints of
spherical triangles 104 with an additional set of arc circles
until a desired resolution 1s obtained.

Referring back to FIG. 2, the mesh engine 60 can include
a GUI 66 that can allow a user to view and edit the
icosahedral grid 100 generated by the grid generator 64. In
particular, the GUI 66 (in response to user input) can select
a particular partition (e.g., the spherical triangle 104) and
map parameters (e.g., data fields) from a data set 62 to the
particular partition. In particular, the parameters of the data
set 62 can be mapped to the edges (lines) the partition and/or
to the area covered by the partition. Additionally, 1n some
examples, the user can employ the GUI 66 to increase or
decrease the scaling of the icosahedral grid 100. As one
example, the GUI 66 can also (in response to user input) set
cach of the twenty (20) spherical triangles 102 to be com-
bined with another adjacent spherical triangle 102 to form a
spherical parallelogram (another form of partition). In this
situation, the GUI 66 can allow a two-dimensional
“unfolded” viewing of the scaled icosahedral grid.

FIG. 4 illustrates a two-dimensional (“unfolded™) icosa-
hedral grid 120 where spherical triangles (102 of FIG. 3)
have been combined to form parallelograms 122 (some of
which are not labeled). Each parallelogram 122 includes a
unique identifier (ID). Accordingly, mn the example illus-
trated 1n FIG. 4, there are ten (10) IDs, namely ID-1 . . .
ID-10. The user can employ the GUI 66 to map/assign data
parameters (e.g., a data field or cell, such as a matrix cell or
database record) from a given data set 62 to each of the
parallelograms 122 (or some subset thereof). In some
examples, the given data set 62 (e.g., a parent data set) can
include pointers/references to other data sets 62 (e.g., child
data sets). For example, the given data set 62 could represent
oflices of a multi-national orgamization, and different data
cells of the given data set 62 are assigned to different
parallelograms 122 based (for example) on a geolocation of
cach oflice. In this situation, assuming a particular data cell
of the given data set 62 1s assigned to the parallelogram 122
labeled as 1D-1, the particular data cell could include ret-
erences/pointers to lists of orgamizations and/or employees
in different data sets 62. Alternatively, the particular data cell
could be self-contained (e.g., containing no references).

Additionally, instead of increasing the size of the parti-
tions (as illustrated 1n FIG. 3), the user can employ the GUI
66 to reduce the size of the partitions. FIG. § 1llustrates an
icosahedral grid 130 where the spherical triangles 104 of
FIG. 3 have been iteratively divided four (4) times to form
spherical triangles 132 connected by nodes 134 (gnd
points). In FIG. 5, (similarly to FIG. 3) not all of the
spherical triangles 132 or the nodes 134 are labeled.

Referring back to FI1G. 2, Equation 1 defines a number of
spherical triangles of an 1cosahedral grid and Equation 2
defines a number of node (grid points) in the icosahedral grid
in situations where the number of spherical triangles has
been uniformly divided.
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20m°=t Equation 1
10m°+2=g Equation 2
wherein:

n 1s the number of equal internals into which side of the
undivided (original) spherical triangles (spherical triangles
104 of FIG. 2) are divided;

t 1s the number of spherical triangles 1n the i1cosahedral
orid; and

g 15 the number of nodes (grid points) 1n the 1cosahedral
or1d.

Thus, by Equations 1 and 2, the 1cosahedral grid 100 of
FIG. 3 has 20 spherical triangles and 12 nodes, and the
icosahedral grid 130 of FIG. 5 has 320 spherical triangles
and 162 nodes (grid points). Thus, by employing the GUI 66,
the user can achieve nearly any resolution needed for the
generated 1cosahedral grid, which resolution can correspond
for example, to a resolution of the given data set 62 that 1s
to be mapped onto the 1cosahedral gnd.

Moreover, the GUI 66 can include user controls (e.g.,
sliders, radio buttons, etc.) for varying a number of sub-
partitions 1n each partition (e.g., a spherical triangle or a
parallelogram). The user controls of the GUI 66 can allow
the user to select a partition, and divide that partition 1nto
smaller units. For example, in FIG. 3, the user controls
provided by the GUI 66 can allow the user to select a
spherical triangle 104 (a partition) and divide the partition
into four (4) sub-partitions, which can be represented as
spherical triangles. FIG. 6 1llustrates an example of the
icosahedral grid 100 of FIG. 3 generated by the grid gen-
crator 64 wherein a given spherical triangle 150 1s divided
into four (4) sub-partitions 152, namely, four (4) spherical
triangles. Additionally, one of the four (4) sub-partitions 156
1s further sub-divided into four more sub-partitions 158.

Referring back to FIG. 2, in any configuration, the user
can employ the GUI 66 to map/assign data cells from the
given data set 62 (or multiple data sets 62) to each of the
partitions, namely the spherical triangles 152 and 158. 1
some examples, the user can employ the GUI 66 to map
parameters (data fields) of the given data set 62 to a surface
ol a partition (or sub-partition). Additionally or alternatively,
the user can employ the GUI 66 to map parameters from the
given data set 62 (or multiple data sets) onto lines intercon-
necting the partitions (e.g., spherical triangle edges or par-
allelogram edges).

Further still, the GUI 66 provides user controls for gen-
erating one or more additional icosahedral grids to form the
nested icosahedral grid. For instance, in one example, the
user can employ the user controls of the GUI 66 to link
(map) a particular sub-partition (such as a spherical triangle
160 illustrated 1n FIG. 5) to another 1cosahedral grid gen-
erated by the grid generator 64. In one example, the other
icosahedral grid can be nested inside the original 1cosahedral
orid, which can be referred to (in this arrangement) as an
outer layer 1cosahedral grid. Alternatively, the other 1cosa-
hedral grid can be nested outside the original i1cosahedral
orid, which can (in this arrangement) be referred to as an
inner layer icosahedral grid. Additionally, the user can
employ the GUI 66 to choose a scale and to map parameters
from a data set 62 (or multiple data sets 62) onto the
additional 1cosahedral grid in the similar manner as the outer
layer 1cosahedral grid. Additionally, this process can be
repeated for multiple icosahedral grid layers.

FIG. 7 demonstrates a conceptual diagram 200 depicting,
a possible configuration of a nested icosahedral grid. Each
icosahedral grid in the diagram 200 could be implemented 1n
a manner similar to the icosahedral grid 100 or 120. Each
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icosahedral grid 1n the diagram 200 1s labeled with an 1index
number. The index number could represent, for example, a
unique identifier of the 1cosahedral grid.

As an example, an outer layer icosahedral grid 202 1s
labeled as “OL (1,1)”. In this case, the index number (noted
in parentheses) denotes the layer and number of the 1cosa-
hedral grid at the layer. Thus, the outer layer 1icosahedral grid
202 1s the first icosahedral grid in the first layer. In other
examples, different 1ndex number/addresses could be
employed. Additionally, the 1cosahedral grid 202 includes
three partitions 204, 205 and 207 (which could be, for
example, spherical triangles or parallelograms). The first
partition (labeled as “P1) 204 and the third partition (la-
beled as “P3”) 207 can be connected (linked) to an inner
layer 1cosahedral grid 206 (labeled as “IL (2,1)”). Accord-
ingly, the mner layer icosahedral grid 206 has an index
number of (2,1), which can indicate that the inner layer
icosahedral grid 206 1s the second layer and 1s the first
icosahedral grid in the second layer. Similarly, the inner
layer 1cosahedral grid 206 can include a partition 208 (e.g.,
a second partition) that 1s connected (linked) to a further
(deeper) mner layer icosahedral grid 210 (labeled as “IL
(3,2)”). The remaining 1cosahedral grids can be connected
(linked) 1n a similar way. In this manner, the 1cosahedral
orids of the nested 1cosahedral grid 200 can be arranged and
layered to accommodate nearly any form of data set,
whether or not the data sets 62 mapped to the 1cosahedral
orids of the nested 1cosahedral grid 200 are correlated with
cach other.

Referring back to FIG. 2, the mesh engine 60 can also
include a data extractor 68 that retrieves selected data cells
from the K number of data sets 62 and links the retrieved
data with the assigned position on the outer layer 1cosahedral
orid and the inner layer icosahedral grids of the nested
icosahedral grid. That 1s, the data extractor 68 can link data
corresponding to a defined parameter on a partition of the
nested icosahedral grid. In some examples, data extractor 72
can map pointers to specific data cells in the K number of
data sets 62 to reduce data transier. In other examples, values
from the data cells 1n the K number of data sets 62 (selected
tor the outer layer 1cosahedral grid and the inner 1cosahedral
orids) can be extracted and mapped to the outer layer
icosahedral grid and the inner 1cosahedral grids.

Additionally, the mesh engine 60 can include a model
generator 70 that plots representations of the extracted data
on to the icosahedral grid to form a three-dimensional data
model. In some examples, the data can be represented as
color lines/regions and/or raised/retracted portions (e.g., a
topographical map) 1n the three-dimensional data model. In
some examples, the data extractor 68 can apply a smoothing
function (e.g., a hexikes or similar function) to smooth
seams between data points to provide estimated/extrapolated
data between discrete data points in the extracted data. The
model generator 70 can output a mesh data structure 72 that
combines the three-dimensional data model and the
extracted data. The mesh data structure 72 can be, for
example, a computer file that links a three dimensional
structure to data.

The mesh data structure 72 can be stored on a mesh data
server 74. In some examples, the mesh data server 74 can be
implemented as an external computing device. In other
examples, the mesh data server 74 can be local to the
computing device structure 72.

A mesh data viewer 76 can communicate with the mesh
data server 74 to access the mesh data structure 72. In some
examples, the mesh data viewer 72 can be a client applica-
tion executing on a remote computing device, such as a

10

15

20

25

30

35

40

45

50

55

60

65

8

desktop computer, a tablet computer a smartphone, etc. In
this situation, the mesh data server 74 and the mesh data
viewer 76 can communicate via the network 38. In other
examples, the mesh data viewer 72 can be integrated with
the mesh engine 60 of the computing device 50, and can
access the mesh data structure 72 directly.

FIG. 8 1illustrates an example of a GUI output 300 (e.g.,
a screenshot or partial screenshot) of the mesh data viewer
72. The GUI output 300 includes a three-dimensional view
of a nested (multi-layer) 1cosahedral grid 302 and a data
panel 304. The GUI output 300 also includes user controls
306 (e.g., icons, sliders, radio buttons, etc.) for manipulating
a view of the nested icosahedral grid 302.

The nested 1cosahedral grid 302 includes an inner layer
icosahedral grid 308 that 1s circumscribed by an outer layer
icosahedral grid 310. The user controls 306 can include
options for controlling a translucency (opacity) of each layer
in the nested 1cosahedral grid 302. In the example 1llustrated
by the GUI output 300, the outer layer 1cosahedral grid 310
1s set to a level of translucency that allows a user to directly
observe the mmner layer 1cosahedral grid 308. However, 1n
some examples, the user controls 306 can also include
controls that cause the outer layer 1icosahedral grid 310 to be
hidden from view (intermittently).

The user of the mesh data viewer 72 can select (e.g., by
clicking or pressing) a particular partition on the outer layer
icosahedral grid 310 and revealing the mnner layer 1cosahe-
dral grid 308 associated with the particular partition. Addi-
tionally, the user can select a particular partition in the inner
layer 1cosahedral grid 308 to reveal data in the data panel
304.

For example, in a situation where the user selects partition
2 of the outer layer icosahedral grid 310 (labeled as refer-
ence number 312) and partition 1 of the inner layer 1cosa-
hedral grid 308 (labeled as reference number 314), the mesh
data server 74 of F1G. 2, which communicates with the mesh
data viewer 76, can execute a wavelet function on the mesh
data structure to determine the data items (values) that are
needed for the selected partitions 312 and 314. Execution of
the wavelet function can reduce the amount of data that 1s
transmitted through the network 58. Thus, i1n some
examples, the mesh data server 74 can transmit the data
items associated with the selected partitions 312 and 314,
and data items that not relevant to the selected partitions are
not transmitted to the mesh data viewer 76 to reduce
transmission data over the network 58.

The data panel 304 can display the data received from the
mesh data server 74. As illustrated, the data panel 304
outputs the data associated with partition 1 of inner layer
icosahedral grid 308 and the data associated with partition 2
of the outer layer 1cosahedral grid 310.

In a given example, partitions on the outer layer 1cosa-
hedral grid 310 could represent the recorded travels of a
group of people (aggregated), and the 1nner layer 1cosahedral
orid 308 could represent the recorded travels of a single
person 1n the group of people. In this manner, the user can
view the data panel 304 to draw correlations between data
associated with the outer layer 1cosahedral grid 310 and data
associated with the inner layer icosahedral grid 308 that
would not be apparent from simply viewing the data 1n a
conventional fashion (e.g., 1n a table).

FIG. 9 1llustrates another example of a GUI output 350
(e.g., a screenshot or partial screenshot) by the mesh data
viewer 76 of FIG. 2. For purposes of simplification of
explanation, the same reference numbers are employed 1n
FIGS. 8 and 9 to denote the same structure.
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The GUI output 350 includes a nested 1cosahedral grid
352 that 1s arranged (e.g., by the user controls 306) to show
a two-dimensional cross-sectional slice view (a relatively
thin slice) of the nested 1cosahedral grid 352. In the example
illustrated by the GUI output 350, the nested icosahedral 5
orid 352 includes three (3) inner layer icosahedral grids 354,
356 and 358 and an outer layer 1cosahedral grid 360. In the
cross-sectional view of the nest 1cosahedral grid 350, each
layer 1s visible concurrently.

In the example illustrated, the user has selected the 10
following: partition 7 of mner layer 4 (labeled as reference
number 362), partition 5 of inner layer 3 (labeled as refer-
ence number 364), partition 2 of mner layer 2 (labeled as
reference number 366) and partition 8 of outer layer 1
(labeled as 368). In response to the selection, the mesh data 15
server 74 executes a wavelet function and returns data items
associated with the selected partitions 362, 364, 366 and
368, which data 1items can be displayed 1n the data panel 304.

In another example, each of the icosahedron data grids
354, 356, 358 and 360 may represent network (Internet) 20
usage associated with an IP address, wherein each IP address
on each of the icosahedron data grids 354, 356, 358 and 360
1s assigned to a partition. Moreover, each of the 1cosahedron
data grids 354, 356, 358 and 360 may be assigned a different
time. That 1s, 1n this example, each of the icosahedron data 25
orids 354, 356, 358 and 360 have the same parameters (e.g.,
network trathic and IP addresses) for different instances in
time. Thus, 1n this example, the data output 1n the data panel
304 could allow the user of the mesh data viewer 76 to
observe how network traflic varies for a particular IP address 30
over time.

Referring back to FIG. 2, by employing the computing
device 50, data can be orgamized and visualized 1n a manner
that enhances readability. Moreover, there 1s no limit to the
number of layers of icosahedron data grids and/or partitions 35
available on each of the i1cosahedron data grid. Thus, the
mesh engine 60 can be employed to map nearly any data set
onto a customized nested icosahedron data grid.

In view of the foregoing structural and functional features
described above, an example method will be better appre- 40
ciated with reference to FIG. 10. While, for purposes of
simplicity of explanation, the example method of FIG. 10 1s
shown and described as executing senally, it 1s to be
understood and appreciated that the present examples are not
limited by the illustrated order, as some actions could 1 45
other examples occur i1n different orders, multiple times
and/or concurrently from that shown and described herein.
Moreover, 1t 1s not necessary that all described actions be
performed to implement a method.

FI1G. 10 illustrates a flowchart of an example method 400 5o
for generating a nested 1cosahedral grid. The method 400
can be implemented, for example by the system 2 of FIG. 1
and/or the computing device 50 of FIG. 2. At 410, a scale for
an 1cosahedral grid layer of the nested icosahedral grid can
be selected by mesh engine (e.g., the mesh engine 60 of FIG. 55
2). The scale may be constant over the entire outer layer
icosahedral grid (e.g., as illustrated 1n FIGS. 3-5) or may
varied throughout the outer layer of the i1cosahedral grid
(e.g., as 1llustrated 1n FIG. 6). At 420, the mesh engine can
map data parameters (data fields) from a data set (or multiple 60
data sets) to partitions on the icosahedral grid layer.

At 430, a determination can be made by the mesh engine
as to whether the current icosahedral layer is the final layer
(e.g., the mnermost or outermost layer). The determination
could be based, for example, on user put to the mesh 65
engine. If the determination at 430 1s negative (e.g., NO), the
method can proceed to 440. If the determination at 430 1s
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positive (e.g., YES), the method can proceed to 450. At 440,
the mesh engine can link a partition of the current icosahe-
dral layer to a next icosahedral layer, and the method can
return to 410.

At 450, the mesh engine can retrieve data items (data
values) based on the parameters that have been mapped onto
the nested 1cosahedral grid from the data set (or multiple
data sets). At 460, the mesh engine can generate a mesh data
structure for the nested icosahedral grid. The mesh data
structure can be viewed by a mesh data viewer (e.g., the
mesh data viewer 76 of FIG. 2).

As noted, the nested 1cosahedral grid can represent nearly
any data set. For instance, the method 400 could be
employed for example, to generate the nested 1cosahedral
or1d to represent a topology of a network. In such a situation,
the nested icosahedral grid could represent a computer
network, a social network, a road network, a commerce
network, a referral network, etc. (each which may simply be
referred to as a network). The network could be a relatively
complex network, such as a portion of the Internet (e.g., a
subnet, a segment of a subnet, etc.). The data set character-
1zing the network could be represented as a table (or multiple
tables) that include data representing a number of nodes,
edges and/or vertices 1n the network.

The mmformation in the data set could be employed, for
example at 410 (of the method 400) to select a scale of the
icosahedral grid layer. For instance, the data set character-
1zing the network could be employed to facilitate under-
standing of a number of trnangles needed 1n the icosahedral
orid layer to adequately characterize the network. Upon
generating the nested 1cosahedral grid (examples 1llustrated
in FIGS. 3-9), geometric pattern analysis can be employed
to analyze characteristics of the network. Such geometric
pattern analysis could be used, for example, to determine/
predict tlow of data/information/commerce (depending on a
type of the network being represented). Accordingly, by
employment of the method 400 on a data set representing a
network, the computational burden and/or cognitive burden
for analyzing the network can be reduced.

What have been described above are examples. It 1s, of
course, not possible to describe every conceivable combi-
nation of components or methodologies, but one of ordinary
skill in the art will recognize that many further combinations
and permutations are possible. Accordingly, the disclosure 1s
intended to embrace all such alterations, modifications, and
variations that fall within the scope of this application,
including the appended claims. As used herein, the term
“includes” means includes but not limited to, the term
“including” means including but not limited to. The term
“based on” means based at least 1n part on. Additionally,
where the disclosure or claims recite “a,” “an,” “a first,” or
“another” element, or the equivalent thereof, 1t should be
interpreted to include one or more than one such element,
neither requiring nor excluding two or more such elements.

What 1s claimed 1s:

1. A non-transitory machine readable medium having
machine executable instructions, the machine executable
instructions comprising;

a mesh engine that generates a nested 1cosahedral grid that
maps data points of a plurality of data sets onto
partitions on the nested 1cosahedral grid, wherein the
nested 1cosahedral grid comprises:
an outer icosahedral grid with a first set of partitions,

wherein the outer 1cosahedral grid represents a three-
dimensional (3D) shape with an 1inner volume; and
an mner 1cosahedral grid, representing a 3D shape and
being enveloped by the outer i1cosahedral grid and
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positioned within the mner volume of the outer
icosahedral grid, the inner icosahedral grid having a

second set of partitions different than the first set of
partitions, wherein a {irst partition of the first set of

partitions 1s linked to the inner icosahedral grid.

2. The medium of claim 1, wherein the 1inner 1cosahedral
orid 1s a first inner 1cosahedral grid and the nested icosahe-
dral grid further comprises a second 1nner i1cosahedral grid
enveloped by the first inner icosahedral grid and the outer
icosahedral grid, the second 1nner 1cosahedral grid having a
third set of partitions, wherein a second partition of the first
set of partitions of the outer 1cosahedral grid 1s linked to the
second 1nner 1cosahedral grid.

3. The medium of claim 2, wherein the nested 1cosahedral
orid further comprises a third inner 1cosahedral grid envel-
oped by the second inner icosahedral grid, the first 1nner
icosahedral grid and the outer i1cosahedral grid, the third
inner icosahedral grid having a fourth set of partitions,
wherein a first partition of the third set of partitions of the
second 1nner 1cosahedral grid 1s linked to the third inner
icosahedral grid.

4. The medium of claim 1, wherein a given partition in the
first set of partitions of the outer icosahedron grid and
another partition in the second set of partitions of the mner
icosahedron are each mapped to different time instances of
a data point that that varies as a function of time.

5. The medium of claim 4, wherein at least two spherical
triangles of the first set of partitions have difierent sizes.

6. The medium of claim 4, wherein each partition 1n the
second set of partitions 1cosahedron 1s a spherical triangle,
wherein there are a different number of partitions in the first
set of partitions of the outer 1cosahedral grid and the second
set of partitions 1n the mner 1cosahedral grid.

7. The medium of claim 4, wherein each partition 1n the
second set of partitions of the inner icosahedral grid 1s a
parallelogram.

8. The medium of claim 1, wherein the machine execut-
able instructions further comprise a mesh data server that
receives a request from a mesh data viewer for data asso-
ciated with a given partition of the second set of partitions
of the mner 1cosahedral gnid.

9. The medium of claim 8, wherein the mesh data server
provides a given data 1tem associated with the given parti-
tion of the second set of partitions of the mner icosahedral
orid and another data 1tem associated with another partition
of the first set of partitions of the outer 1cosahedral grid to
the mesh data viewer 1n response to the request.

10. The medium of claim 1, wherein each partition in the
first set of partitions of the outer 1cosahedron corresponds to
a geolocation on the earth.

11. A non-transitory machine readable medium having
machine executable instructions, the machine executable
instructions comprising;:

a mesh engine comprising:

a grid generator that generates a nested icosahedral
orid;

an interface that provides user controls for mapping
parameters from a data set to partitions in the nested
icosahedral grid; and

a model generator that links data items from the data set

corresponding to the mapped parameters to the par-
titions of the nested icosahedron and generates a

mesh data structure;
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wherein the nested icosahedral grid comprises:

an outer icosahedral grid with a first set of partitions,
wherein the outer 1cosahedral grid represents a three-
dimensional (3D) shape with an inner volume; and

an 1nner 1cosahedral grid, representing a 3D shape and
being enveloped by the outer icosahedral grid and
positioned within the mner volume of the outer
icosahedral grid, the inner icosahedral grid having a
second set of partitions diflerent than the first set of
partitions, wherein a {irst partition of the first set of
partitions 1s linked to the inner 1cosahedral grid.

12. The medium of claim 11, wherein the machine execut-
able instructions further comprise a mesh data server that
receives a request from a mesh data viewer for data asso-
ciated with a given partition of the second set of partitions
of the mner icosahedral gnd.

13. The medium of claim 12, wherein the mesh data
server provides a data 1tem associated with the given parti-
tion of the mner 1cosahedral grid and an associated partition
of the first set of partitions of the outer 1cosahedral grid to
the mesh data viewer 1n response to the request.

14. The medium of claim 12, wherein the mesh data
server executes a wavelet function to 1dentity the data items
provided to the mesh data viewer.

15. The medium of claim 11, wherein the outer icosahe-
dral grid has a diflerent number of partitions than the inner
icosahedral grid.

16. The medium of claim 11, wherein the model generator
applies coloring to the partitions of nested icosahedral grnid
that represent data values from the data set.

17. A non-transitory machine readable memory for storing
machine readable instructions, the machine readable instruc-
tions comprising:

a mesh data viewer that communicates with a mesh data
server to access a mesh data structure that links a nested
icosahedral grid to data points and provides a graphical
user intertace (GUI) for changing views of the nested
icosahedral grid;

wherein the 1cosahedral grid comprises:

an outer icosahedral grid with a first set of partitions,
wherein the outer i1cosahedral grid represents a three-
dimensional (3D) shape with an inner volume; and

an iner icosahedral grid, representing a 3D shape and
being enveloped by the outer icosahedral grid and
positioned within the mner volume of the outer 1cosa-
hedral gnid, the 1nner 1cosahedral grid having a second
set of partitions different than the first set of partitions,
wherein a first partition of the first set of partitions 1s
linked to the inner i1cosahedral grid.

18. The medium of claim 17, wherein the GUI of the mesh
data viewer provides user controls for controlling the trans-
lucency of the outer 1cosahedral grid.

19. The medium of claim 17, wherein the GUI of the mesh
data viewer provides a cross-sectional view of the nested
icosahedral grid that illustrates a portion of the outer 1cosa-
hedral grid and the icosahedral grid concurrently.

20. The medium of claim 17, wherein the GUI of the mesh
data viewer provides a data panel that outputs data associ-
ated with a first selected partition of the second set of
partitions of the inner icosahedron and a second selected
partition of the first set of partitions.
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